Table 1. Characteristics of threshold (T) level studies 
	Study
	No. subjects
	Age
	Device
	Design
	Assessment
	Duration of
experience


	OCEBM Level
	Valente Level

	Baudhuin et al. (2012)

	11
	7 – 17 years
	Advanced Bionics Hi-Res90K or CII
	Effects of two T-level settings -  10 cu below soft and 10% of M level



	Ling 6 sounds and soundfield threshold detection to FM tones. 
	2 x 3 hour sessions
	3
	3BEFII

	Boyd (2006)
	17
	41 – 70 years
	Med-El Combi 40+
	Three test maps were produced to examine how the Programming Threshold PT setting affected acoustic thresholds and speech discrimination. 
	Soundfield threshold detection to FM tones for 0.5, 1, 2 and 4kHz. BKB sentences at 65dBA – Test map 2 excluded. 



	2-3 minutes
	4
	3BEFII

	Holden et al. (2011)


	10
	49 – 80 years
	Advanced Bionics Hi-Res90K or CII
	Effect of three T-level settings – 10% of M, barely audible and very soft. Chronic exposure, few weeks use
	Soundfield threshold detection to FM tones
CNC words at 50dBSPL and CUNY sentences at 65dBSPL with four talker babble using an individual subject SNR to obtain a score between 50 and 75% correct 
	1-2 weeks
	3
	3CEFII

	Zhou et al. (2014)
	7 subjects – 9 ears
	28 – 72 years
	Nucleus 24 CI24RE(CA) and CI24R(CS)
CP810 and Freedom speech processor
	To examine the effect of rehabilitating electrodes with poor Amplitude Modulation Detection Thresholds (MDT) by increasing minimum stimulation level at the poorly performing sites.
 
	CUNY sentences in adaptive modulated background noise. SNR started at 20dB and was adapted in a one down one up procedure using a 2dB step size. SRT was taken for the mean SNR of the last 6 reversals. 
	Chronic, no experience
	3
	3CEFII

	Spahr and Dorman (2005) 
	15
	Adult subjects
	Med-El Tempo+  
	Effect of three minimum stimulation level settings; behavioural T level, T level at 10% of M level or T level at 0 µA.

	Sentences in quiet at 54dB SPL in noise at 74dB SPL with +10dB SNR using 4-talker babble. Vowels presented in the b/V/t context at 54dB SPL vowel peak and Consonants in the e/C/e context at 74dB SPL vowel peak. 
	Chronic, no experience
	2
	3CEFII


	Fu et al. (2000) 

	3
	39 – 55 years
	Nucleus 22
	To determine phoneme recognition of errors in setting threshold and loudness levels in cochlear implant listeners using a 4-channel continuous interleaved sampling (CIS) speech processor. C level remained fixed and the T level was either elevated or reduced to give six dynamic range values of 1, 2, 3, 6, 12, and 20dB.
	Vowel recognition was measured in a 12-alternative identification paradigm. Consonant recognition was measured in a 16-alternative identification paradigm. All material was presented at user comfort level.  
	No appreciable experience
	4
	4CEFII

	Tanamati et al. (2005)
	30
	11 – 66 years
	Med-El Combi 40+, 16 subjects using Tempo+ and 14 subjects using CIS-Pro
	Comparison of speech perception for maps using psychophysical T level setting and T at 10% of C level. 
	Monosyllables in quiet at 70dB SPL and sentences in quiet and in noise at 70dB SPL with +10dB SNR
	30 minutes
	3
	3CEFII

	Skinner et al. (1999)  
	8
	39 – 70 years
	Nucleus 22
	Comparison of two methods for setting T level; (i) Calculated mean thresholds for two sessions were applied and balance for loudness (ii) Threshold set between perceptually very soft and medium. A1B1A2B2 test design.
	Soundfield threshold detection to FM tones and loudness scaling judgement for four-talker babble.
CNC monosyllables presented at 50, 60 and 70dB SPL. CUNY sentences in 8 talker babble presented at 50, 60 and 70dB SPL with a SNR chosen for each participant to prevent ceiling and floor effects.  

	2-3 weeks
	3
	3CEV&EFII




Table 2. Characteristics of IDR studies
	Study
	No. subjects
	Age
	Device
	Design
	Assessment
	Duration of experience
	OCEBM Level
	Valente Level

	Veekmans et al. (2010)
	150
	1.4 –12.2 years
	Nucleus 24M (86) and 24R (64) 
	Comparison of 30dB IIDR and 50dB IIDR – 3G to Freedom
	Soundfield aided measurements at 0.5, 1, 2 and 4kHz; BKB sentences in quiet at 60 and 50dBA and in noise at 60dBA +10 and +5dB SNR.
	Acute
	3
	3CEFII


	Holden et al. (2011)
	10
	49 – 80 years
	Advanced Bionics Hi-Res90K or CII
	Effect of three different IDR settings, 50dB, 65dB and 80dB 
	Soundfield threshold detection to FM tones
CNC words at 50dBSPL and CUNY sentences at 65dBSPL with four talker babble using an individual subject SNR to obtain a score between 50 and 75% correct 
	1-2 weeks
	3
	3CEFII


	Zeng et al. (2002) 

	10
	21 – 56 years for Cochlear Implant users, 21 – 36 years for normal hearing controls.
	Advanced Bionics C1 
7 subjects using CIS and 3 subjects using SAS stimulation strategies. 5 normal hearing controls.
	CIS users tested six settings of IDR from 10 to 60dB in 10dB steps and SAS users tested six settings from 20 to 80dB in 10dB steps
	Phoneme recognition using vowel stimuli of 12 tokens and consonant stimuli of 20 tokens from five male and five female talkers presented at 65dBA and in speech shaped noise at +5dB SNR
	15 minutes
	3
	3CEFII


	Spahr et al. (2007) 
	76
	Advanced Bionics CII HiRes with positioner – 55 years; 
Cochlear CI24M or RCS – 50.5 years
Med-El Combi 40+ - 52.2 years
	Advanced Bionics CII HiRes with positioner - 26 subjects; 
Cochlear CI24M or RCS - 32 subjects; Med-El Combi 40+ - 18 subjects. 

	Experiment 3 – To assess the effects of increasing IDR in the CII device.
	Experiment 3 - Effect of increasing input dynamic range in the CII device was assessed with sentence material presented at conversational levels in quiet at 77dBSPL, conversational levels in noise at 77dBSPL +10SNR, and soft levels in quiet at 57dBSPL
	5 minutes
	3
	3CEFII


	Davidson et al. (2009)
	30
	7-17 years
	Nucleus 24 with Freedom Speech Processor
	Comparison of two different Instantaneous IDR (IIDR)
of 30 and 40dB
	CNC wordlist at 50, and 60dBSPL, BKB sentences in noise, a loudness rating task for four talker speech noise, soundfield aided thresholds to narrow band noise and a calculated speech intelligibility index (SII).
	4 weeks
	2
	3CEV&EFII


	Holden et al. (2007)
	10
	36 – 80 years
	Nucleus Freedom Cochlear Implant
	Comparison of two maps with different IIDR, the first with an IIDR of 30dB and the second an IIDR of 40dB. Both maps use the ACE strategy (25 μs/phase, monopolar stimulation), 1200 pulses per second /channel (pps/ch) stimulation rate and 10 maxima. Controlled for order bias; chronic exposure.
	Soundfield threshold detection to FM tones. CNC monosyllables at 50dB SPL, HINT sentences at 50dB SPL and CUNY sentences in 8 talker- babble noise at 65dB SPL with an SNR chosen for each participant to prevent ceiling and floor effects
	4 weeks
	3
	3CEFII


	Dawson et al. (2007)

	9
	50 – 77 years
	Nucleus CI22 and CI24 Cochlear Implants 
 
	Repeated measures, single subject design with chronic exposure and counterbalanced order comparing IIDR of 31 dB, reduced T 46dB, 46 dB, reduced T 56dB and 56 dB.

	CNC monosyllables presented at 45 and 55 dB SPL (RMS). CUNY sentences resented at 65dB SPL in 8 talker-babble noise with an SNR chosen for each participant to prevent ceiling and floor effects 
	4 weeks
	3
	3CEV&EFII


	James et al. (2003)
	12
	59 – 83 years
	Nucleus 24
	Part 2 – of the experimental design varied instantaneous input dynamic (IIDR)
	Soundfield threshold detection to FM tones
Consonants in the a/C/a context; vowels in the h/V/d context at 40 and 55dB SPL. BKB sentences at 65dB SPL with 8 talker babble with an SNR chosen for each participant to prevent ceiling and floor effects
	2-3 weeks
	3
	3CEV&EFII




Table 3.	Characteristics of stimulation rate studies
	Study
	No. subjects
	Age
	Device
	Design
	Assessment
	Duration of experience
	OCEBM Level
	Valente Level

	Arora et al. (2011)
	10 with inclusion of speech test results from 8 subjects from an earlier study in 2009
	58 – 74 years
	Cochlear Nucleus CI24
	Effect of low to moderate stimulation rates (275, 350, 500 and 900pps/ch) on modulation detection threshold (MDT) ability. The relationship between MDT and speech perception as a function of rate was examined.
	Four lists CNC monosyllabic words in quiet at 60dB SPL RMS and an adaptive SRT using speech intelligibility test (SIT) sentences at 65dB SPL using four talker babble proving an SNR
	24 hours
	3
	3CEV&EFII


	Balkany et al. (2007) 
	71
	23 – 90 years
	Cochlear Nucleus Freedom
	Multi-centre randomised, controlled, prospective, single-blinded, single subject repeat measures design.
	Soundfield threshold detection 0.25 to 8kHz for FM tones
HINT sentences in quiet at 60dB SPL, CNC words/ phonemes in quiet at 60 and 70dB SPL. HINT sentences in noise at 60dB SPL SNR 10dB and CUNY sentences in noise at 70dB SPL SNR 10dB 
	2-4 weeks
	2
	3CEV&EFII


	Battmer et al. (2010)  
	Group 1 – 29 subjects
Group 2 – 19 subjects
Group 3 – 20 subjects
	24 – 72 years
19 – 77 years
24 – 80 years


	Cochlear Nucleus CI24RE
	Group 1 – Comparison of the effects of different pulse rates on speech perception performance (subjects had prior experience with 1200pps)
Group 2 – Preferred pulse rate post activation (no within-subject comparison for the effect of pulse rate)
Group 3 – Randomised, single blinded, subjects offered two pulse rates at activation
	Freiburg words at 60 and 70dB SPL, Oldenburg sentences in quiet at 65dB SPL and in noise at 65dB SPL scored as an SNR at 50% correct or SNR
Disyllabic word test in quiet and at a fixed SNR 
	5-33 weeks
	3
	3CEV&EFII


	
Bonnet et al. (2012) 
	27
	17 – 77 years
	Advanced Bionics CII and Hi-Res90K
	To assess 9 different 12 channel strategies using monopolar mode, biphasic pulses and no interphase gap. An interpulse interval was used to maintain rate where pulse width was manipulated.
	Dutch monosyllabic consonant-vowel-consonant word test in quiet at 65dB SPL and in noise at +10 and +5dB SNR using speech shaped noise.
	1 hour
	3
	3CEFII

	Buechner et al. (2010) 
	13
	17.7-73.0 years 
	Advanced Bionics CII with Hi-Focus electrode array and electrode positioned system
	A prospective repeated-measure in a chronic balanced cross-over design evaluating the influence upon speech perception of different stimulation rates and the use of sequential or paired stimulation patterns.
	Freiburger monosyllable word test in quiet, HSM sentence test in quiet and in noise with 10dB SNR
	4 weeks
	3
	3CEV&EFII


	Di Lella et al. (2010) 
	10
	28 – 66 years
	Neurelec-MXM
	Prospective within subject repeated measures design to evaluate the speech recognition performance using the MPIS strategy at two stimulation rates
	NU 6 word list and CID sentences presented live at 70dB SPL voice in quiet and in talker babble noise at +10dB SNR
	6 weeks
	3
	3CEV&EFII


	Friesen et al. (2005) 
	Advanced Bionics CI, N=5; Cochlear Nucleus 24, N=4; Advanced Bionics CII, N=3
	38 – 66 years
	Advanced Bionics CI, Cochlear Nucleus 24 and Advanced Bionics CII
	To investigate speech perception following adjustment of rate and stimulus channel number. 
	Vowels in h/V/d context
Consonants in a/C/a context.
CNC wordlist, HINT sentences and IEEE sentences. Materials presented at 65dB SPL for CI and N24; 70dB SPL for CII.
	Chronic, no experience
	3
	3CEFII

	Holden et al. (2002) 
	8
	36 – 81 years
	Cochlear Nucleus CI24M
	To evaluate speech recognition with the ACE strategy at two stimulation rates 720 pps/ch and 1800pps/ch and to determine if the group or individuals performed better or demonstrated a preference following chronic exposure
	Soundfield threshold detection 0.25 to 6kHz for FM tones
CNC monosyllables and CUNY sentences presented in at 50, 60 and 70dB SPL with 8 talker babble noise.
Preference questionnaire.
	3-4 weeks
	3
	3CEV&EFII




Table 3. (continued)
	Kiefer et al. (2000) 
	13
	Not described
	Med-El Combi 40 N=9
Med-El Combi 40+ N=4
	To systematically evaluate the reduction of stimulation rate from 1515 and 1730 ppse to 600ppse and channel number from 8 to 4.
	Eight German vowels in b/V/b context and sixteen consonants in a/C/a context at 65dBHL.
Freiburg monosyllabic words and 2-digit numbers at 75dBHL

	10 minutes
	3
	3CEFII

	Loizou et al. (2000) 
	6
	40 – 68 years
	Med-El Link experimental device
	To systematically evaluate the effect of stimulation rate on speech perception.
	CNC monosyllabic words, 20 consonants in v/C/v context and vowels in h/V/d context. Presented at a ’comfortable’ listening level. 
	Chronic, no experience
	3
	3CEFII

	Nie et al. (2006) 
	5
	24 – 57 years
	Med-El Combi 40+
	Experiment 2. To evaluate the variation of stimulation rate from 1 to 4 kHz per electrode on four fixed pairs of electrodes
	12 vowels in h/V/d context and 20 consonants in a/C/a context.
HINT sentences male speaker in quiet and in noise at 10dB SNR, presented at user comfortable listening level. 
	10 minutes
	3
	3CEFII

	Park et al. (2012) 
	6
	17 – 43 years
	Nucleus 24 contour
	To investigate speech recognition performance of CI users in quiet and in noise for moderate and high stimulation rates – 900ppse and 2400ppse. Prospective, cross-over study design, chronic exposure.
	Monosyllabic wordlist, presented at 45dBHL. Sentence test in white noise presented at 50dBHL with 15dB SNR initially adapted to maintain a target correct of 70%.
Preference questionnaire.
	2 weeks
	3
	3CEV&EFII


	Plant et al. (2007) 
	15
	26.9 - 75.2 years
	Cochlear Nucleus CI24RE with contour electrode
	A repeat measures single subject design using an ABAB protocol. Program A used a stimulation rate between 12kHz and 14.4kHz and program B used a stimulation rate of either 24kHz or 32kHz dependent upon subject preference.  
	CNC monosyllables in quiet at 60dB SPL RMS and CUNY sentences in quiet at 65dB SPL RMS and in noise using 8 talker babble with an SNR between +5dB and +14dB adjusted for individuals to prevent floor and ceiling effects.
 
	2-24 weeks
	3
	3CEV&EFII


	Plant et al. (2002) 

	12
	32 – 76 years 
	Cochlear Nucleus CI24M

	[bookmark: _GoBack]Assess the effect of parameter adjustments in the ACE and CIS strategies. Study II. Evaluation of CIS stimulation rates of 275, 900, 1.8 to 2.4 kHz for a fixed six channel program.
Balanced order across sessions and subjects to limit order and learning effects.  
	CNC monosyllables in quiet at 65dBA and CUNY sentences presented at 65dBA in eight-talker babble noise at a SNR specific to each test subject to limit floor and ceiling effects
	Chronic, no experience
	3
	3CEFII


	Shannon et al. (2011)
	7
	33 – 59 years
	Advanced Bionics CII with Hi-Focus electrode array and electrode positioned system
	Evaluate the effect of stimulation rate and channel number on speech perception. Pulse rate varied between 600 and 4800ppse in an acute experimental design.
	Medial Vowel in the h/V/d context and Medial Consonant recognition in the a/C/a context, CNC words and IEEE sentences presented in quiet at 70dBA and in speech shaped noise at +10dB SNR
	Acute
	4
	3CEFII

	
Vandali et al. (2000)
	6 recruited, 5 data sets reported
	44 – 70 years
	Cochlear Nucleus CI24M, SPEAK speech processing strategy and SPRINT speech processor

	To investigate the effect of varying electrical stimulation rate on speech comprehension. 
A repeated ABC design with alternating order with chronic exposure to each stimulation rate.
	CNC monosyllables in quiet and CUNY sentences in multi-talker noise at three SNRs which were subject dependent to limit floor and ceiling effects
	4 weeks
	3
	3CEFII

	
Verschuur (2005) 
	6
	29 – 73 years
	Med-El Combi 40+ and Ineraid Cochlear Implant systems
	Determine the effect of altering channel stimulation rate. Three stimulation rates assessed, the subjects clinical rate, 400pps/ch and 800pps/ch. Order of rate condition and test within each rate condition was counterbalanced in an experimental acute design
	Categorical perception of synthetic speech stimuli with varied acoustic cues; consonant recognition measure (VCV) in the i/C/i context and BKB sentences administered in quiet at 70dBA  
	30 minutes
	3
	3CEFII





